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REMARKS 

Applicant respectfully requests entry of the above Preliminary 
Amendment to place this U.S. Patent Application in better form for examination and 
prosecution before the U.S. Patent and Trademark Office. 

The claims have been amended to eliminate multiple dependent claims 
and to more definitely and fully claim the subject matter of Applicant's invention. 
Applicant urges that the above Preliminary Amendment introduces no new matter into 
this U.S. Patent Application. 

Applicant sincerely believes that this U.S. Patent Application is now in 
condition for examination and prosecution before the U.S. Patent and Trademark 
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DEFIBRILLATOR WITH IMPROVED OUTPUT STAGE 

jjh^nvention relates to a defibrillator having an output stage which has an H- 
bridge between a positive pole and a negative pole of an energy storage unit, and which is 


triggered via a trigger circuit to emit a bi-phased defibrillation pulse, wherein a patient circuit 
is embodied in the transverse branch having at least one inductive resistor, and the bi-phased 
triggering takes place in a manner known per se by altematively switching on switching 
members arranged in the four H-legs of the H-bridge for reversing the direction of the patient 
current in the transverse branch, and wherein the patient current is controlled during the 
various phases by presetting a reference variable and including an actual value byjmeans of^ 
the trigger circuit by triggering the switching member arrangement with a higher frequency 
than that for generating the two opposite phases. # / / i i 

A defibrillator ^f this typhis disclosed MDE 100 65 104 A1. In connection 
with this known defibrillator with a controlled output stage for the pulse-like bi-phased 
charging of electrodes, which are to be applied to a patient, with electrical energy from an 
energy storage unit, an H-bridge is provided in one embodiment, injwhosa transverse branch 
a current sensor, an inductive resistor in the form of a coil,|as well as th^atient electrodes 
with the patient resistor 
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are arranged in series. A semiconductor switch triggered by a control device is arranged in 

each of the four H-legs, through which the patient current in the transverse branch can be 

r 1 / ^^^^^ 

controlled in two opposite directions bv means onan appropriate triggering, such as/described . 

in greater detail nn this applicationland known per se. Pulses of successive opposite current 
directions areigenerated for defibrillation Rn this way which,] in accordance with existing 
knowledge,pre more easily tolerated by the heart tissue than mono-phased pulses with the 
same energy. During individual current phases, the current is regulated by comparing an 
actual value of the patient current with a reference variable, wherein the switch arrangement 
is triggered at a higher frequency than the frequency of the bi-phased pulse in a manner 
described in greater detail. At the high pulse voltages of, for example, 1 kV and more, and 
the high frequencies of, for example, more than 10 kHz for the current regulation of the bi- 
phased pulses of, for example, a few 100 Hz, it is difficult to control the switching members 
triggered at the higher frequencies in a suitable manner, so that errors and malfunctions of 
the output stage are not impossible. 

[Xha object of Rh^ invention isfbased on designing a defibrillator of the type 
mentioned^t the outset in such a way that] a high degree of dependability of the emission of 
bi-phased defibrillation signals is achieved. ^"^^ ^^\^^ck ^c5cjj:.W W Ark)j 

This object is attained by |means of thej characteristics^^f claim ij. |7n "^,Vf>s 
accordance with this it is provided that, foj^gulating the patient current in the one direction, 
only the switching member assigned to this current direction in the H- leg pointing to the 
negative pole is triggered at the higher frequency, while for regulating the patient current in 
the other direction only the switching member assigned to this other current direction in the 
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H-leg pointing to the positive pole is triggered at the higher frequenc Jfand that, anti- parallel^ 
with the switching members triggered at the higher frequency, at least one diode is 
respectively arranged, so that via the latter, as well as via the switching member continuously 
closed in the respective phase, the patient current is maintained in its respective direction 
even if the switching member triggered at the higher frequency is in the open state. 

For current regulation in the two phases with opposite current directions, it is 
always assured when opening the switching members triggered at the higher frequencyfby 
means omhese steps, that the patient current is maintained in the direction provided in the 
respective phase in the transverse branch, wherein the circuit is maintained in the manner of 
a free-wheeling circuit via the at least one diode, which is anti-parallel^ regar^o the 
continuously open switching member, and via the switching member which is continuously 
closed during the respective phase. For all practical purposes, the current regulation can be 
performed in accordance with any arbitrary standards via the switching member triggered at 
the higher frequency and can also be adjusted, for example, in accordance with a changing 
reference variable standard. A dependable operation of the switching members, and 
therefore of the output stage, as well as of the entire defibrillator, is assured even at high 
trigger frequencies of, for example,(somellO or 100 kHz, and at the required high voltages 
of, for example, on the order of magnitude of 1 kV or higher. ^ ^^u^S^ 

Dependable operation, along with a simple construction is favoredjin^th^a 
current sensor resistor is arranged in the transverse branch for detecting the patient currentf" 
that alproportional voltage is formed from the patient current, which is amplified byffneans 
on an amplifier andtis provided iq|the form of an actual value for a comparison between an 
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internal reference voltage and an external reference voltage and that, in casenhe external 
reference voltage is exceeded, a trigger signal of the higher frequency is formed for opening 
the respective switching member anc^n cas^^e interior reference voltage is downwardly 
exceeded, a trigger signal of the higher frequency for closing the respective switching 
member is formed. ^ . r 

jTn this connectioga simple, dependable embodiment results^n tharahe trigger 
signal of the higher frequency is formed via a logic circuit. A programmable micro- 
controller or a circuit network with memory members and a logic module, for example, can 
be considered for the logic circuit. 

Those steps, wherein the amplified proportional voltage is rectified before, 
during or after the amplification, contribute to the accuracy of the regulation. 

The dependable functioning of the output stage is aidedlin thaflat a connecting 
point in the transverse branch between a patient resistor and the inductive resistor placed in 
series therewith, a respective further diode arrangement in regard to the energy storage unit 
IS respectively arrangedin the blocking direction on the one handlin the direction toward the 
positive pole andfon the other handnn the direction toward the negative pole. (By means of 
thia high transient voltage pulses in a downstream located coupling circuit with, for example, 
a coupling relay, are suppressed. Therefore these further diode arrangements do not 
constitute a portion of the actual H-bridge. 

If, in addition, the two switching members in the two remaining H-legs are 
bridged by anti-parallel arranged diodes, negative peaks in the remaining switching members 
which determine the current direction in the two different phases are suppressed. 
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[jh^nvention ^ill b^xplained in greater detail in^hat follows by meanjjof 
an exemplary embodiment making reference to the drawingsT Shown are i^O^ \,X^^^3^^^ 


Fig. output stage and a trigger circuit of a defibrillator connected to iyn 
a schematic representatior^j ^ j^vi^^ 

Fig. ^|aschematic representation^egardingj^e functioning of the output stage 
in one operating state^(and 

Fig. 3fdk schematic representation of the output stage in another operating state. 

^ereTjFig. 1 shows essential components of a portable, externally usable 
defibrillator in particular, an output stage with an energy storage unit 1 and a high voltage 
element with the H-bridge 2, as well as a trigger circuit 3 connected to the output stage. ^ 

In a customary way, for example as described in^eater detail i^^E 100 65 
104 Al|mentioned at the outsej, the energy storage unit 1 can have a charging device IC and 
an energy storage unit C3 connected thereto, such as a capacitor arrangement with at least 
one capacitor, or an accumulator. The H-bridge 2 connected to the energy storage unit 1 is 
designed for generating bi-phased defibrillation pulses, for example of a frequency of some 
1 00 Hz, wherein the voltage of the pulses can be on an order of magnitude of 1 kV or higher, 


such as is also known per se fi:om|mentione^^E100 65 104 Al . In this case the bi-phased 
pulses are generated in that by triggering switching members, in particular semiconductor 
switching members SI, S2, S3, S4, such as for example IGBTs, arranged in the H-legs, a 
patient current IP is generated in two opposite directions in the transverse branch QZ during 
the two phases of the defibrillation pulse. The patient electrodes to be connected to the 
patient, or a corresponding selectively connectable patient resistor R^j^or example for 
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testin^Jare arranged in the transverse branch QZ in series with a circuit element|constituting|'/^K 
an inductive resistor L 1 , in particular a coil or an equivalent component. ^Moreove^ a sensor 
resistor R4 for picking up a value of the patient current, is ^Is^ located in the transverse 
branch QZ in series with the patient resistor R5„ or the connected patient. A different sensor 
element is also|conceivabljK In the presenl^aseja furtheigjseries-connected resistor R3 is 
provided in the transverse branch QZ. 

The H-legs pointing toward the positive pole of the energy storage unit 1 
therefore extend between a circuit point A on the side of the positive pole, and circuit points 
B and D on the side of the transverse branch QZ, while the H- legs pointing to the negative 
pole of the energy storage unit 1 extend from the circuit points B and D to the circuit point 
C of the negative pole (ground) of the energy storage unit 1 . The patient resistor R5, or the 
patient electrodes instead, are located between connecting points PI, P2 of the transverse 
branch QZ. The switching members SI, S2, S3, S4 are triggered via respective trigger 
members UlA, UlB,UlCorUlD by|means outrigger signals from the trigger circuit 3. 

Between the circuit points A and D, namely anti- parallelfidjrespect to the 
switching member SI on the one side, and between the circuit points D and C, namely anti- 
parallel in respect to the switching member S3 on the other side, diode arrangements DI and 
DII are respectively located, which in this case are composed of several diodes Dl, D3, D5, 
or D7, D8, DIO. iBy means on the anti-parallel connection, the diode arrangements DI and 
DII therefore block the current flow from the positive pole to the negative pole of the energy 
storage unit 1, so that with open switching members SI, S2, S3, S4 no current can flow. 
Additional diode arrangements Dili and DIV are arranged in a corresponding anti-parallel 
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connection between the connecting point PI and the switching point A^n the one han^, as 
well as the switching point cjon the other han^, wherein in the present case ^eselj^de 
arrangements Dili and DIV also^onsist on/several diodes D2, D4, D6, or D9, Dl 1, D12. 

The trigger member UIB of the switching members S2 between the circuit 
points A, B is assigned control signal inputs for signals DIG and POSh, while control signal 
inputs for control signals DIG and NEGI are assigned to the trigger member UID. Control 
signal inputs for control signals MOD, NEGh are assigned to the trigger member Ul A of the 
switching member SI between the circuit points A and D, while control signal inputs for 
control signals MOD and POSI are assigned to the trigger member UlC for the switching 
member S3 between the circuit points D, C. ttn this wajithe four switching members can be 
suitably triggerec|*on the one han^for forming the bi-phased pulse^and[on the other hand] 
for current regulation during the respective phases of opposite current direction in the 
transverse branch QZ, wherein the control signals DIG and MOD are formed and supplied 
by a current regulating arrangement of the trigger circuit 3. 

The current control arrangement of the trigger circuit 3 has a current feedback 
branch, which picks up a proportional voltage El via the sensor resistor R4 and provides it 
to an amplifier with a circuit element U6A. The voltage provided the circuit element U6A, 
or the amplifier connected with it, are rectified byjmeans o^a change-over switch S5, so that 
the voltage at the output of the amplifier with the circuit element U6A has the same polarity 
in both phases and is applied in the same way to comparator units U2, U5 and can be 
compared with given values REF2 or REFL In this case the given values represent an 
interior reference voltage REFl , or an exterior reference voltage REF2, by^eans oi^which 
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a regulating interval for the desired current within an hysteresis band is formed. A reference 
variable / actual value comparison thus takes place in both phases in a corresponding manner 
via the comparator units U2, U5. The comparison results are provided to a memory member 
U4A, for example a bi-stable memory member^jngger membej^, to one output of which a 
logic member U3B is connected, whichfis provided witH a further control input. The outputs 
of the comparator units U2, U5 make the control signal DIG available via the resistors R6 
or R8, while the control signal MOD is present at the output of the logic member U3B. 

For current regulation in the one phase, the switching member S2 between the 
circuit points A and B is continuously closed, while the switching member S3 between the 
circuit points D and C is triggered with a higher frequency of the control signal for regulating 
the current. The two other switching members SI between the circuit points A and D, and 
S4 between the circuit points B and C are continuously open in this phase. This situation is 
represented in Fig. 2, wherein only the switching member S3 triggered with the higher 
frequency in this phase is represented,^ince|me switching member S2 is continuously closed. 
If the switching member S3 is closed, the patient current flows through the patient, or the 
patient resistor R5, from the positive pole to the negative pole of the energy storage unit 1 . 
If the switching member S3 is open, the patient current flows through the transverse branch 
QZ in the same direction, but through the first diode arrangement DI in the H-leg from the 
circuit point D to A, so that a free-wheeling circuit is formed. In this case, triggering of the 
switching member S3 takes place in accordance with the current regulation, wherein, in the 
closed state of the switching member S3, the current rises from the energy storage unit C3 
through the resistor R5, or the impedance of the patient, the inductive resistor LI and the 
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switching member S3 until the threshold value formed by^eans o^the exterior reference 
voltage REF2|has bee^eached. If then the switching member S3 is opened, the patient 
current drops through the patient resistor R5, or the patient, and the inductive resistor LI as 
well as the diode arrangement DI, until the reference value formed by the interior reference 
voltage REF ijhas bee^^ached, after which the switching member S3 is closed again. These 
regulating actions are repeated until the respective phase of the patient current IP is finished, 
which for example lasts some, or some tenths of a millisecond. 

For causing the phase with the opposite patient current IP in the transverse 
branch QZ, the switching members S2, S3 are opened, while the switching member S4 
between the circuit points B and C remains constantly closed, and the switching member SI 
between the circuit points D and A is triggered with a higher frequency for regulating the 
current. This situation is represented in Fig. 3, wherein only the switching member SI, 
which is relevant |her^, ^as bee^j^drawn in. When the switching member SI is in the 
switched-on state, the patient current IP flows from the energy storage device C3 through the 
switching member SI , the inductive resistor LI and the patient resistor R5, or the patient, to 
ground. If in this state the switching member SI is opened, the patient current IP continues 
to flow in a corresponding direction through the patient resistor R5, or the patient, the 
inductive resistor LI, as well as the diode arrangement DII, so that a free-wheeling circuit 
is also formed. This state continues until the value of the patient current IP corresponding 
to the interior reference voltage REF Ijhas beeiJfreached, after which the switching member 
SI is closed again by^eans o^the current regulating circuit, and so forth, until this opposite 
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phase of the patient current IP, or of the defibrillation pulse, is terminated. The different 
pulse phases can be altematingly repeated with a suitably frequency. 

By fiieans onspecifying appropriate reference values REFl, REF2, the current 
regulation can be affected in the desired wayficetennination of me width and shape of the 
hysteresis banc^ wherein a dependable operation of the defibrillator can be achieved by 
|means o^he described design of the H-bridge and its triggering. 

The switching members S2 or S4 in the H-legs A-B, or B- C, which are 
continuously switched on in the respective phases, can also be bridged by ^eans o^ diodes 
DV or DVI in an anti-parallel arrangement, by ^eans o^ which negative voltage excesses in 
these switching members S2 or S4 can be suppressed. 
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